Catalytic Ca2+-binding site of pancreatic phospholipase A2: laser-induced Eu3+ luminescence study.
7F0----5D0 excitation spectroscopy of Eu3+ has been used to study the catalytic Ca2+-binding site of pancreatic phospholipases A2. Eu3+ binds competitively with Ca2+ to the enzyme with retention of about 5% of the activity found with Ca2+. The dissociation constants for the Eu3+-enzyme complexes of bovine phospholipase A2 and porcine isophospholipase A2 are 0.22 mM and 0.16 mM, respectively. Results obtained with the porcine phospholipase A2 at neutral pH indicate aggregation of this enzyme at protein concentrations above 0.18 mM. The Eu3+ bound at the catalytic site of pancreatic phospholipase A2 is coordinated to four or five water molecules, which, in conjunction with binding constant data, suggests the involvement of two or three protein ligands. Addition of a monomeric substrate analogue to the enzyme-Eu3+ complex results in the loss of an additional water molecule from the first coordination sphere of the bound Eu3+. This result suggests an interaction between the negative charge of the polar head group of the substrate analogue and the Eu3+. Binding of the enzyme-Eu3+ complex to micelles results in a nearly complete dehydration of the Eu3+ bound to the catalytic center. In the phospholipase A2-Eu3+-micelle complex, only one H2O molecule is coordinated to Eu3+. This dehydration at the active site of phospholipase A2 in the protein-lipid complex can be an important reason for the enhanced activity of this enzyme at lipid-water interfaces.